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(57) Abstract 

A telecommunication device, such as a mobile telephone, has an acoustically programmable ringtone generator (230. 240), a digital 
memory (220), and an audio receiver (250). The device also has means (200, 250) for producing tone-related digital parameters from 
sound received by the audio-receiver (250). These tone-related digital parameters arc stored in the digital memory. A controller (200) is 
provided for controlling the ringtone generator (230, 240) to generate a ringtone pattern according to the tone-related parameters stored in 
the digital memory. 
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A TELECOMMUNICATION DEVICE WITH ACOUSTICALLY PROGRAMMABLE 
RINGTONE GENERATING MEANS AND A METHOD FOR THE PROGRAMMING 
THEREOF 

5 

Technical Field 

The present invention relates to a telecommunication 
device having an acoustically programmable ringtone genera- 
tor, a digital memory and an audio receiver. More specif i- 
10 cally, the present invention is directed at providing an 

improved way of programming a ringtone pattern of the tele- 
communication device with improved sound quality and 
reduced memory space requirements. 

15 Description of the Prior Art 

Telecommunication devices, e.g. mobile telephones, 
are generally provided with a ringtone generator for pro- 
ducing an audible sequence of ringtones so as to announce 
the occurrence of an incoming telephone call. The telephone 

20 is often provided with a set of prestored ringtone 

patterns, from which the user may select a particular 
pattern to be used when generating the audible sequence of 
ringtones following the detection of an incoming call. The 
user may switch between different ringtone patterns at his 

25 own desire, for instance for differentiating the ringtone 
pattern produced by his telephone from those produced by 
neighboring telephones . 

In public areas, as the use of mobile telephones has 
increased rapidly during recent years, there is still an 

30 apparent risk of having more than one neighboring telephone 
producing the same ringtone pattern and causing confusion 
among users of telephones with identical ringtone patterns 
- "Is my telephone ringing or is it yours?" 

By allowing the user to not only choose among a 

35 number of prestored ringtone patterns but also to create a 
fully customized ringtone pattern by programming the indi- 
vidual tones thereof, the differentiation between individ- 
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ual ringing telephones has been improved. US-A-4 866 766 
relates to a telephone device incorporating a conventional 
keypad for allowing the user to program a customized ring- 
tone pattern. A microprocessor unit receives a sequence of 
5 programming commands entered by the user on the keypad. The 
programming commands relate to various selections of ring 
parameters, such as ringtone, duration, delay between 
tones, etc. The entered ring parameters are stored by the 
microprocessor unit in a memory. The . stored ring parameters 

10 are subsequently read from memory by the microprocessor 
unit and are used for controlling a ringtone generator to 
produce the audible customized ringtone pattern. 

A telephone device like the one described in 
US-A-4 866 766 allows the user to program a fully custom- 

15 ized and unique ringtone pattern, thereby reducing the risk 
of confusion between neighboring telephone users. However, 
the telephone device has a drawback in that the user is re- 
quired to perform a large number of key pressings in order 
to specify all ring parameters for the desired ringtone 

20 pattern. Furthermore, it is well known that a keypad-based 
programming interface is prone to errors and mistakes, when 
the user accidentally presses another key than the intended 
one . 

Alternative approaches for programming the ringtone 
25 pattern of a telephone are disclosed in US-A-5 G87 227, DE- 
A-195 26 220 and US-A-5 655 016. These approaches involve 
the use of an analog/digital (A/D) convex'ter and a digital 
signal processor (DSP) , which are operatively connected to 
a microphone. A new ringtone pattern may be acoustically 
30 input by the user through the microphone. The acoustic 

input is sampled, converted into digital form and stored in 
a memory. Subsequently, this digitally stored ringtone 
pattern may be converted into analog signals and supplied 
to a speaker for announcing an incoming telephone call. 
35 While such an approach has an advantage in that it avoids 
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the tricky programming through various key pressings 
according to the first prior art solution, it has a 
significant drawback in that the digitai ringtone pattern 
stored in memory is essentially an exact representation of 
the original acoustic input. Therefore, since the acoustic 
input in reality will have a less than perfect quality, the 
ringtone pattern stored and used for announcing an incoming 
call will also have less than perfect quality. Furthermore, 
even if digital data compression is applied to the digital 
ringtone pattern stored in memory, these data still require 
a substantial amount of memory space. 



Summary of the Invention 

It is an object of the present invention to provide 

15 an improved interface for acoustical programming of the 
ringtone pattern of a telecommunication device. 

Generally speaking, this object may be achieved by 
the provision of a controller, which - rather than merely 
sampling and digitally storing the acoustic input - is 

20 arranged to extract, from the sampled acoustic input, a set 
of ringtone pattern parameters representing individual 
tones of the acoustic input. The set of ringtone pattern 
parameters will be subsequently used by the controller for 
controlling a ringtone generator or synthesizer to emulate 

25 the acoustic input. In other words, information related to 
desired portions of the acoustic input (i.e. tones, pauses, 
etc.) is extracted, while noise and other imperfections are 
not. Thereby, the acoustically programmed ringtone pattern 
undergoes an improvement in quality, so that the ringtone 

30 pattern generated by the controller and ringtone generator 
is in fact an improvement over the original acoustic input . 

The object is achieved by a telecommunication device 
having acoustically programmable ringtone generating means; 
digital storage means; and an audio receiver; as well as 

35 means for producing tone-related digital parameters from 
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sound received by said audio receiver, wherein the tone- 
related digital parameters are stored in the storage means; 
and controller means for controlling said ringtone 
generating means to generate a ringtone pattern in 

5 accordance with said tone-related parameters stored in said 
storage means. 

The object is also achieved by a method of 
acoustically programming a ringtone pattern of a 
telecommunication device, comprising the steps of receiving 

10 an acoustic input and converting it into digital samples, 
extracting, from the digital samples, a set of digital 
parameters representing at least one ringtone of the 
ringtone pattern, storing the set of digital parameters, 
and using the set of stored digital parameters for 

15 controlling a ringtone generator to produce said ringtone 
pattern . 

Other objects, features and advantages of the present 
invention are disclosed in the following detailed descrip- 
tion, in the drawings as well as in the appended patent 
20 claims. 

Brief Description of the Drawings 

The present invention will now be described in more 
detail, reference being made to the accompanying drawings, 
25 in which: 

FIG 1 is a schematic block diagram illustrating a 
telecommunication device with user programmable ringtone 
generating means according to the prior art, 

FIG 2 is a schematic block diagram illustrating a 
30 telecommunication device with acoustically programmable 
ringtone generating means according to a preferred 
embodiment of the present invention, 

FIGs 3 and 4 are plotted frequency diagrams for 
tracking three different tones. 
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FIG 5 is a spectrogram representing three different 
tones as a function of time, 

FIG 6 is a real-life spectrogram representing a 
whistled melody, and 
5 FIG 7 is a frequency diagram of the corresponding 

estimated tones for the whistled melody of FIG 6. 

Detailed Disclosure 

To better illustrate the novel features of the 

10 present invention, a schematic illustration of a prior art 
telecommunication device is given in FIG 1. The device com- 
prises a processor (CPU) 100, which is operatively connec- 
ted to a keypad 110 and a ringtone generator 13 0, which in 
turn is operatively connected to a speaker 140. Further- 

15 more, the processor 10 0 is connected to an electronic mem- 
ory 120 and is arranged to write data into the memory 120 
as well as to read data from the memory. The processor 100 
has a software routine for accepting ring parameters en- 
tered by the user on the keypad 110. When the user wants to 

20 program a customized ringtone pattern into the telecommuni- 
cation device, he will use the keypad 110 to select a par- 
ticular menu option presented on a display (not shown 
herein) . In response the processor 100 enters a ringtone 
pattern programming mode, wherein the user will enter a 

25 sequence of ring parameters, such as tone (frequency) , 
duration, etc, together forming the customized ringtone 
pattern, by repeatedly pressing keys on the keypad 110. 
After having completed the entering of ring parameters 
through the keypad 110, the user will execute .an end com- 

30 mand by e.g. pressing a specific key or selecting a parti- 
cular menu option, wherein the processor 100 stores the 
entered ring parameters in the memory 120. The customized 
ringtone pattern programmed by the user is then played back 
in the following way whenever an incoming call is to be 

35 announced. The processor 100 detects the occurrence of an 
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incoming call and starts reading the ring parameters stored 
in the memory 120. The ring parameters ..are processed and 
used by the processor 100 for controlling the ringtone 
generator 130, which is arranged to drive the speaker 140 

5 to produce the customized ringtone pattern. 

FIG 2 illustrates a telecommunication device with 
acoustically programmable ringtone functionality according 
to a preferred embodiment of the present invention. A 
controller in the form of a processor (CPU) 200 is 

10 operatively connected to a ringtone generator 230, which in 
turn is operatively connected to a speaker 240. 
Furthermore, the processor 200 is operatively connected to 
a memory 220. Contrary to the prior art arrangement of FIG 
1 the present invention does not use a keypad 210 for 

15 entering the various ring parameters constituting the 
customized ringtone pattern of the telecommunication 
device. Instead, the processor 10 0 is operatively connected 
to an audio sampler 250, which is arranged to receive an 
acoustic signal from the user (e.g. in the form of a melody 

20 performed by whistling or playing a musical instrument) , 
convert the acoustic signal to a corresponding electrical 
signal, sample this analog signal at predetermined inter- 
vals, convert the samples to digital values and extract 
tone-related digital parameters from the digital samples. 

25 In the preferred embodiment the audio sampler 250 is a 

Digital Signal Processor (DSP) , but other audio sampling 
devices known per se may alternatively be used. 

Consequently, the audio sampler 250 is arranged to 
process the sampled acoustic input sequence, so that enough 

30 information is extracted for subsequently controlling a 

ringtone generator or synthesizer to reproduce the acoustic 
input at at least the same quality as the quality of the 
original input. Contrary to previously known solutions, the 
audio sampler 250 of the preferred embodiment does not 

35 merely sample an acoustic input to be stored and 
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subsequently played back to the user when announcing an 
incoming telephone call. Instead, the audio sampler 250 
uses the sampled acoustic input to extract a set of tone 
related digital parameters, which are further described 
5 below ^ 

The tone -related parameters relate to e.g. the 
frequency and duration of respective tones in the 
acoustical signal. Furthermore, the tone-related parameters 
may comprise "attack", "decay", "sustain" and "release" 

10 parameters for each tone as well as pauses between 
subsequent tones . 

Once the audio sampler 25 0 has produced a complete 
set of tone- related parameters representing the acoustical 
input produced by the user, the processor 200 stores the 

15 tone-related digital parameters in its memory. 220. This 
provides a further advantage as compared to previously 
known approaches; the tone-related digital parameters 
represent a much smaller data volume than the entire set of 
digital samples stored according to the prior art. There - 

20 fore, the inventive solution has a significant advantage 
also in terms of the amount of memory space required for 
storing a perfect representation of the ringtone pattern. 
The memory 220 is non-volatile and is therefore able to 
store the tone-related digital parameters for a long period 

25 of time. 

When a ring signal is to be produced by the tele- 
phone, in response to the detection of an incoming 
telephone call, the processor 200 reads the tone-related 
digital parameters from the memory 220 and controls the 

30 ringtone generator 23 0 to produce a customized ringtone 

pattern, which is either essentially equal to the original 
acoustical input produced by the user (in case the acoustic 
input had perfect quality) , or represents an improved 
version of the same. Hence, the present invention provides 

35 an opportunity for the user to program a fully customized, 
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high-quality ringtone pattern acoustically rather than by 
entering a large number of programming .commands on the 
keypad . 

Consequently, instead of having to enter a large num- 
ber of keybased input values related to the tone, duration, 
etc, of every ringtone comprised in the desired ringtone 
pattern, the user may simply start the programming session 
by e.g. selecting a particular menu option presented on the 
display, produce the desired ringtone pattern by e.g. 
whistling a short melody and complete the programming 
session by e.g. pressing a particular key on the keypad. 
Preferably, the telecommunication device has a playback op- 
tion, which allows the user to select an appropriate menu 
option and listen to a customized ringtone pattern cur- 
rently programmed into the memory 220. If the user is not 
fully satisfied with the customized ringtone pattern, he 
may simply reprogram it by starting the programming session 
again and reproducing the acoustical input signal (e.g. 
whistling the melody again) . 

As a further alternative, an option may be provided 
that allows the user to e.g. whistle the same melody a 
number of times, thereby increasing the certainty of the 
tone-related digital parameters. Assuming that the inter- 
pretation of the acoustic input, e.g. the set of tone- 
related digital parameters produced by the audio sampler 
250, accidentally contains one or a few incorrect notes, 
then, by reentering a new version of the whistled melody, 
such ambiguities may be resolved. 

According to one embodiment the telecommunication de- 
vice is provided with a software routine for presenting, on 
the display, any of the customized ringtone patterns al- 
ready programmed into the device in the form of a sequence 
of characters or graphical icons, which represent the indi- 
vidual tones of the ringtone pattern. Furthermore, the 
software routine is arranged to accept user commands, pref- 
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erably entered through the keypad, for editing any of the 
individual tones, such as changing a "c" note to a "d", or 
changing the duration thereof. In this way the user will be 
able to quickly create a desired ringtone pattern acousti- 
5 cally and then perform a fine adjustment of individual 
tones by means of the keypad. 

The acoustical input may be converted in a number of 
different ways into tone-related parameters in the form of 
a sequence of tones with corresponding duration and other 
10 related parameters. For a simple melody, comprised by a se- 
quence of sinusoids of different frequencies and corre- 
sponding duration, two different frequency tracking methods 
are suggested and briefly discussed below. 

A sinusoid signal, x(n) = Asin(con + \\f) , can be cre- 
15 ated digitally by the use of a second order Auto Regressive 
(AR) filter, i.e. 

jc(n) = ajX(n-l) - x(n~2) , 
where corresponds to 2cos {(d) . 

An interpretation of this expression is that the fil- 
20 ter has a complex pole pair on the unit circle at the nor- 
malized frequency /= (o/ (27t) . The gain, A, of the sinusoid 
and the phase, are determined by the initial values of 

the above difference equation. 

A first method of tracking the frequency of the sinu- 
25 soid signal is to construct an adaptive Moving Average (MA) 
filter: 

y(n) = x(n) - bK(n-l) + x(n-2), 
where Jb is computed from estimates of the correlation func- 
tion of x(n), i.e. Jb = 2R^ (1) /R^ (0 ) . This is the equivalent 
30 of placing two zeros on the unit circle at an angle close 
to CO. The method is related to a second order predictor, 
but differs in that the zeros are forced to stay on the 
unit circle . 

FIG 3 illustrates the results obtainable from the 
35 above MA frequency tracking method. The tracking of the 
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frequency for three tones is illustrated in FIG 3, wherein 
the solid line represents the true frequency. No averaging 
of the angle has been made for the estimator illustrated in 
FIG 3. Averaging can be made in order to reduce the vari- 
5 ance of the estimator at the expense, however, of slower 
tracking . 

A second frequency tracking method operates by esti- 
mating the number of zero-crossings of the signal x(n) . One 
possible zero-crossing estimator is: 

10 (n) = (1-s) /^^ (n-l) •¥0.5^sign (x(n) ) -sign (x(n-l) ;|, 

where 5 is a constant. The contribution to /zc(^) ^ sinu- 
soid is a unit impulse train with frequency 2o}. The con- 
stant s is used to average the impulse train over a number 
of samples. Hence, when the frequency increases, so does 

15 /^^(n) . FIG 4 illustrates the frequency tracking results ob- 
tainable from the above zero-crossing estimator for three 
sinusoids with frequencies 1.5 kHz, 1 kHz and 2.1 kHz, re- 
spectively. The exponential slopes of the estimated fre- 
quency in FIG 4 is a function of e, £ is set to, 0.005, 

20 which corresponds to approximately 400 samples. Naturally, 
this value may be tuned to allow faster tracking. However, 
the variance of the estimator will increase with an 
increase in s. 

According to an alternative embodiment, the tone- 

25 related digital parameters are generated by using a Fourier 
transform in the following way. Basically, a time- tone 
signal, x(n), containing the acoustical input melody, is 
divided into a number, M, of consecutive segments. Each 
segment consists of N consecutive samples and is Fourier 

30 transformed, i.e. 

X{k,m) = J^w(n)x{n + mN)e ^ , 

where w(n) is a data window, m is a segment number 
and is a frequency bin, respectively. This can be used to 
determine the spectral content of the time-tone signal, for 
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example by using the frequency magnitude. A spectrogram is 
obtained by plotting the Fourier transformed segments as a 
function of time (segment number) . From the spectrogram it 
is possible to determine the frequency and duration of the 

5 respective tones. 

However, there is a trade-off between frequency reso- 
lution and time resolution. This means that in order to ob- 
tain higher time resolution, a reduction in frequency reso- 
lution will be the result. 

10 In FIG 5 a spectrogram is depicted for the same three 

exemplary tones as in FIGs 3 and 4. The black horizontal 
lines correspond to the tones in the chromatic scale. In 
FIG 6 a spectrogram of a real-life data sequence is illus- 
trated, and the corresponding estimated tones are illus- 

15 trated as a function of time in FIG 7. The rectangle sur- 
rounding a respective peak corresponds to a particular 
tone, and the width of the rectangle is the duration. 

It will be readily realized by a man skilled in the 
field of digital signal processing that the two frequency 

20 tracking methods and the Fourier transform method summa- 
rized above may be replaced by other methods known per se . 
Consequently, any appropriate transforming methods may be 
used, such as Discrete Fourier Transform (DFT) , Fast 
Fourier Transform (FFT) , Wavelett transforms, etc. Alterna- 

25 tively, filter banks and models may be used, i.e. the app- 
roach of adapting sample data to a mathematical model of a 
process or signal and extracting parameters related to e.g. 
the fundamental frequency from this mathematical model. 
Models may be estimated by e.g. prediction, instrumental 

30 variables, system of equations, etc. In the context of the 
present invention, a filter bank is a set of. filters, which 
are arranged to filter input data in parallel and select 
the signal with the highest energy contents. 

It is also appreciated that the device and method 

35 according to the preferred invention may be applied also 
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for programming more advanced ringtone patterns. Therefore, 
the scope of the present invention is in- no way limited by 
the examples above but is best defined by the appended in- 
dependent patent claims. 
5 Furthermore, although being illustrated as separate 

components, any of the processor/controller 200, memory 
220, ringtone generator 230 and audio sampler 250 may be 
combined into an integrated component . 
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CLAIMS 

1. A telecommunication device with acoustically 
programmable ringtone generating means (230, 240) , digital 

5 storage means (220) , and an audio receiver (250) , 
characterized by 

means (200, 250) for producing tone-related digital 
parameters from sound received by said audio receiver 
(250) , said tone-related digital parameters being stored in 
10 said storage means (220) , and 

controller means (200) for controlling said ringtone 
generating means (230, 240) to generate a ringtone pattern 
in accordance with said tone-related parameters stored in 
said storage means . 

15 

2. A telecommunication device according to claim 1, 
wherein said means (200, 250) for producing tone-related 
digital parameters comprises a Digital Signal Processor 
(DSP) , 

20 

3 . A telecommunication device according to claim 1 or 
2, wherein said tone-related digital parameters at least 
relate to the frequency and duration of tones comprised in 
the ringtone pattern . 

25 

4 . A telecommunication device according to any pre- 
ceding claim, wherein the device is a portable radio tele- 
phone, preferably a mobile telephone. 

30 5. A telecommunication device according to any pre- 

ceding claim, wherein any of said ringtone generating means 
(230, 240), said audio receiver (250), said means (200, 
250) for producing tone-related digital parameters, said 
storage means (220) and said controller means (200) are 

35 integrated into one component . 
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6 . A method of acoustically programming a ringtone 
pattern of a telecommunication device, ..wherein an acoustic 
input is received and converted into digital samples, 
characterized by the steps of 

5 extracting, from said digital samples, a set of 

digital parameters representing at least one ringtone of 
said ringtone pattern, 

storing said set of digital parameters, and 
using said set of stored digital parameters for con- 
10 trolling a ringtone generator to produce said ringtone 
pattern. 

7. A method according to claim 6, wherein said set of 
digital parameters are obtained by a Moving Average (MA) 

15 frequency tracking method. 

8. A method according to claim 6, wherein said set of 
digital parameters are obtained by a zero-crossing 
estimator frequency tracking method. 

20 

9. A method according to claim 6, wherein said set of 
digital parameters are obtained by a Fourier transforming 
method. 

25 10. A method according to any of claims 6-9, further 

comprising the steps of 

presenting a graphical representation of said set of 
digital parameters and 

allowing a user to edit any value of said set of 
30 digital parameters. . 



SNSDCX^ID; <WO 9965221 AlJ_> 



wo 99/65221 



1/3 

FIG 1 



PCT/SE99/00975 



Keypad 
110 



CPU 



100 



Memory 
120 



Ringtone 
generator 
130 




Speaker 



FIG 2 



Keypad 
210 



CPU 
200 



Audio 
sampler 
250 



Ringtone 
generator 
230 



Memory 
220 




Speaiter 



SUBSTITUTE SHEET (RULE 26) 



9965221A1 I _> 



wo 99/65221 



2/3 



PCT/SE99/00975 



Estimated 
frequency 



FIG 3 



2200 



2000- 



1800- 



1600 



1400 



1200 



1000 



800 




6000 



Samples 



Estimated 
frequency 



2500 



2000- 



1500 



1000 



500 



FIG 4 



Zero-Crossing Estimator 
tracking 



1000 



2000 



3000 



4000 



5000 



6000 Samples 



SUBSTITUTE SHEET (RULE 26) 



BNSDOCID; <WO 0965221 A 1 I > 



wo 99/65221 



3/3 



PCT/SE99/00975 



Frequency pJQ 5 Spectrogram from Fourier Transform 



(Hz) 



3500 
3000 
2500 
2000 
1500 



1000 



500 




0.3 0.4 



0.5 0.6 



Time 
(s) 



Frequency 

(Hz) 
4000 



3000 
2000 
1000 
0 



FIG 6 Real Data Spectrogram 



0.5 



1.5 



2.5 



3.5 



Time 
4 (s) 



Frequency fZjQ J Estimated tone and duration 
(Hz) . . -w » 

2000 




BNSDOCIO: <WO_8965M1A1J_> 



SUBSTITUTE SHEET (RULE 26) 



INTERNATIONAL SEARCH REPORT 



liilcrnntiiinni applicaliun No. 

PCT/SE 99/00975 



A. CLASsiriCAi ioN OF suHjnci' MA rn:R 



IPC6: H04M 19/04, HOAQ 7/32 

According lo Inicmaiional l^atcnl Clajrsificalion (IPC) tir tn both nalicmnt ciassincalion and I PC 



B, riLXDS SEARCIUiD 



Minimunn documcnUlkin searched (classincaiiun system folltnvcd by eiassificaiion symbols) 

IPC6: H04M, H04q 



Documentalion searched ulhur than minimum ducumcnlaiiDn lo ihc cxlcnl IhuL such ducumenu are included in ihc fieJds searched 

SE,DK,FI,NO classes as above 



Electrtmic data base consulted during the inlernational search (name of data base and, where practicable, search terms used) 



WPI 



C. DOCUMRNTS C0NSI0[:RF:I) TO nil RVAA-VAN'l 



Category* 



Ctlation of docuiiiciii. wiili indicalioit. where apin ojirtnte. ol the relevant passages 



US 5687227 A (PAUL WESLEY COHRS ET AL), 

11 November 1997 (11,11.97), column 3, 
line 43 - column 4, line 40 



DE 19526220 Al (SIEMENS AG), 11 July 1996 

(11.07.96), column 1, line 30 - line 54, figure 1, 
abstract 



Kelevnm to cJaini No. 



1-6 

10 
7-9 

1-6 

10 
7-9 



Xl further documents are listed in the eonlifnialion o( Hox C. | y| See patent (aniily annex. 



* Special caiegoriex of cited documents 

"A" document defining the general state of the art which is not considered 

to be of particular relevance 
'P." erlicr document but published on or after the imcmalitmal filing date 

"L" document which may throw d(mhls on prioniy claim(s) or which is 
cited to establish the puhlieatinn date of another ciiautm or other 
special reason (as spedlicd) 

'O' document relerring to an oral disclosure, use. exhibition or other 
means 

"P" document published prior to the intcmalional filing date but later than 
the priority date daimed 



"f*" later documcni published after the mlemauonal filing dale or pnnnty 
date and not in conflict with the application hut cited to understand 
the pnnctple or theory underKing the invention 

"X* document ofparUcular relevance: the claimed invention cannot he 
citnsidcrcd novel or cannot he ctmsidcrcd lo involve an inventive 
step when the dtKrument is taken alone 

" Y" dticumcni of particular relevance: the claimed invention cannot be 
considered to involve an inventive step when the document is 
aimhincd with one or more nihcr such documents, such combination 
being obvious to a person skilled in the art 

*&' document member of the same patent family 



Dale of Ihc aciual cuniplctiun of Ihc inleniatiunal scnrclt 



ZB Sept Ji 999 



Name and niatiing address of the ISA/ 
Swedish Patent Office 
Box 5055, S-102 42 STOCKHOLM 
Facsimile No. + 40 8 666 02 86 



Date ofniairiMg ofUic inlernational search report 

0 8 -10- 1999 



Aiilhorized uflicer 

Roland Lands trdin/cs 

Telephone No. +46 K 7K2 25 00 



Form PCT/lSA/210 (second sheet) (July 1992) 

BNSDOCID: <WO 9965221A1_I_> 



INTERNATIONAL SEARCH REPORT 



InttTiintiofuil application No. 

PCT/SE 99/00975 



c (Coritinuaiioro. DocuMivN IS consioi:ki:d io HI-; Ki:i.i:vAN'r 



Category* 



Cilatioii of UocuiTieiit, with indicalioii, wlicrc approprialc, of the rclevnni passages 



Relevant to claim No. 



us 5655016 A (KEITH E.G. EMERY), 5 August 1997 

(05.08.97), column 2, line 14 - column 3, line 15, 
figures lA-lC 



DE 19623097 Al (DEUTSCHE TELEKOM AG), 

11 December 1997 (11.12.97), column 4, 
line 6 - line 14, figures 1-2 



1-6 

10 
7-9 

10 



Form PCr/ISA/210 (conlinualion orsiccund sheet) (July 1W2) 
BNSDOCID: <WO_9965»lA1J.> 



INTERNATIONAL SEARCH REPORT 

Infornialion on patent rniniiy fiicmUurs 



30/08/99 



Inlctriatioital appHcattun No- 

PCT/SE 99/00975 



Patent document 
cited in search report 


Publication 
date 


I'atent family 
mombcr(s) 


1 UDIIUHilOn 

dale 


us 5687227 


A 


11/11/97 


CA 


2171363 A 


26/11/96 








GB 


2301261 A,B 


27/11/96 








GB 


9610052 D 


00/00/00 


DE 19526220 


Al 


11/07/96 


DE 


9420829 U 


11/05/95 


US 5655016 


A 


05/08/97 


NONE 






DE 19623097 


Al 


11/12/97 


NONE 







Form PCr/ISA/210 (patent family annex) (July 1992) 

BNSDOCID: <WO 9965221 A1_L> 



wo 59/65221 



1/3 

FIG 1 





CPU 




R{r\gtan& 
generator 
130 






FfG2 



Keypad 




Audio 






sampler 


210 




250 



CPU 




Ringtone 
generator 
230 


m 






\ 

Speaker 



SUBSTITUTE SHEET (RULE 26) 



BNSDOCID: <WO 9965221 A 1TI_> 



wo »9/6S»l 



Estimated 
fr^uency 



2W0 



T40Q ' 



tSOCi - 



1006 - 



900, 



2/3 

FIG 3 




eooo 



Samptas 



Estimated 
frequency 



TWO 



15D0 



FIG 4 



900 



Zero-Crossing Estimator 




tracking 


/ 






/ 

1 


/ 
/ 


s 

\ 

v.. 


i 


_ r 

i 
i 
1 

1 


J Li. 


1 1 



3000 



4<H» 



MDo Samples 



SUBSTTTUTE SHEET (RULE 2B) 



BNSDOCID: <WO 9965221A1T!_> 



wo 99/6 



3/3 



Frequency 
(Hz) 



3500 
3000 
2500 
2000 
1500 



1000- 



iOO- 



FIG 5 ^ pectrog ram from Fo u rier Tra nsf o rm 



0.1 



0.2 



0.4 



0.5 



0.6 



Time 
(9) 



Frequency 

(Hi) 
4000 1 



FIG 6 Data Spectrogram 



3000. 

2000 

1000 

ol 



0 



0-5 



1.6 



'•1" • . .tV:^ 



2.5 



3.6 



Time 
4 (5) 



Frequency fZjQ J Estimated tone and duration 

(Hzj 
2000 



1500 



1000 




i ime 



1 1.5 2 2.5 

SUBSTITUTE $HEET (RULE 26) 



3.5 t'^) 



BNSOOCID: <WO 9965221A1TI_> 



